i« 


OU     ''1 


ILO^ 


/ 


Technical  Paper  220 


DEPARTMENT  OF  THE  INTERIOR 

FRANKLIN  K.  LANE.  Secretary 

BUREAU  OF  MINES 

VAN.  H.  MANNING.  Director 


BURNING  STEAM  SIZES  OF 
ANTHRACITE 

WITH  OR  WITHOUT  ADMIXTURE  OF  SOFT  COAL 


"V^ 


cPc^-d) 


Reprint  of  Engineering  Bulletin  No.  5 

EfiGlNEERING     prepared  by  the  united  states  fuel  administration 


IN  COLLABORATION  WITH  THE 
BUREAU  OF  MINES 


r,WG\^ 


s-r 


ot^^^^ 


WASHINGTON 

GOVERNMENT  PRINTING  OFFICE 

1919 


The  following  publications  of  the  Bureau  of  Mines,  Department 
of  the  Interior,  can  be  procured  either  from  the  Director  of  t 
Bureau  of  Mines  or  from  the  Superintendent  of  Documents,  (lovern^ 
ment  Printinir  Oilice,  Wasliinixton,  D.  C.    For  those  procurable  froi 
the  Superintendent  of  Documents,  the  fee  attached  to  each  is  char<;(^l. 

♦BnxETiN  S.  "  The  Flow  of  Heat  Through  Furnace  Walls,"  by  W.  T.  Ray 

Henry  Kreisinger.     1011.     5  coius. 
♦Brmrrix  IS.  "  The   Transmission   of   Heat   into    Steam   Boilers,"   by 

Kreisinger  and  W.  T.  Kay.     1012.    20  ccMits. 
♦BvLi.ETix  21.  '"The  Signiticance  of  Drafts  in  Steam-Boiler  Practice, 

Kay  and  Henry  Kreisin.i^er.     1011.    10  cents. 
♦BuLLtmx  23.  "  Steaming  Tests  of  Coals  and  Kelated  Investigations,  Seiitei 

1,  1004  to  December  31,  lOOS."   by  L.   P.   Breelceuridge,   Henry   Kreisiuger, 

and  W.  T.  liay.     1012.     50  cents. 
BuLiJ-rriN  40.  "The  Smokeless  Combustion  of  Coal  in  Boiler  Furnaces. 

a  chapter  on  Central  Heating  Plants,"  by  D.  T.  Kandall  and  H.  W.  Weeks. 

1912. 
BuLXETiN  89.  "  Economic  Methods  of  Utilizing  Western  Lignites,"  by   E.   J. 

Babcock.     1915. 
Bulletin  97.  '*  Sampling  and  Analysis  of  Flue  Gases,"  by  Henry  Kreisinger 

and  F.  K.  Ovitz.     1915. 
Bt-LLETiN  116.  "Methods  of  Sampling  Delivered  Coal,  and  Specifications  for 

the  Purchase  of  Coal  for  the  Government,"  by  G.  S.  Pope.    1916. 
Bulletin  129.  "The   Fusibility   of  Coal   Ash   and   the   Determination   of  the 

Softening  Temperature,"  by  A.  C.  Fieldner,  A.  E.  Hall,  and  A.  L.  Field. 

1918. 
Bulletin  135.  "  Composition   of  Coal   and   Design   of  Furnaces,"   by   Henry 

Kreisinger,  C.  B.  Augustine,  and  F.  K.  Ovitz.     1911  j 
Bulletin  145.  "  Measuring  the  Temperature  of  Gases  in  Boiler  Settings,"  by 

Henry  Kreisinger,  and  J.  F.  P>arkley.     1018.- 
Technical   Paper  16.  "  Deterioration    and    Spontaneous   Heating  of  Coal    in 

Storage  a  Preliminary  Keport,"  by  H.  C.  Porter  and  F.  K.  Ovitz.    1012. 
Technical  Paper  34.  '•Experiments  with  Furnaces  for  a  Hand-Fired  Keturn 

Tubular  Boiler,"  by  S.  P>.  Flagg.  G.  C  Cook,  and  F.  E.  Woodman.     1014. 
Technical  1*api:r  80.  "Hand  Firing  Soft  Coal  Under  Power-Plant  Boilers," 

by   Henry  Kreisinger.     1915. 
Technical  Paper  97.  "  Saving  Fuel  in  Heating  a  House,"  by  L.  P.  Brecken- 

ridge  and  S.  D.  Flagg. 
*TErHNiCAL  Paper  114.  "Heat  Transmission  through  Boiler  Tubes,"  I)y  Henry 

Kreisinger  and  F.  K.  Ovitz.     1915.     10  cents. 
Technical  Paper  13:3.  "  Directions  for  Sampling  Coal  for  Shipment  or  De- 
li %'ery,"  by  G.  S.  Pope. 
Technical   Paper  137.  "Combustion    in    the   Fuel   bed   of  Hand    Fired    Fur- 
naces," by  Henry  Kreisinger,  F.  K.  Ovitz.  and  C.  E.  Augustuu^ 
Te<iinical  l'-\PKR  l?iO.  "Low-Kate  Couibiistion    in   Fuel    I'eds   of  Hand-Fired 

Furnaces,"  by  Henry  Kn-isinger.  C.  E.  Augustine,  and  S.  II.  Katz.     1018. 
TfXHNiCAL  Paper  180.  "  Firing    Bituminous    Coals    in    Large    House-Heating 

Boilers,"  by  S.  B.  Flagg.    1917. 
Technical  Paper  1^3.  "New  Views  of  the  Combustion  of  the  Volatile  Matter 

in  Coal,"  by  S.  H.  Katz.     1917. 
Tyj  USUAL  Paper  184.  "  Weiglits  of  Various  T'oals,"   by   S.   B.    Flagg.     1018. 
Technical  Paper  101.  "Central   Station  Heating." 
Tfx-HMCAL  Papi  R  190.  "Five  Ways  of  Saving  Fuel  in  Heating   Houses,"  by 

Henry  Kreisinger.     1917. 
Technical  Paper  203.  "How  to  Improve  the  Hot  Air  Furnaee." 
Technical   Paper  2<^>4.  "10<-onomlc   Operation   of   Steauj   Turbo-Electric    Sta- 
tions." by  C.  T.  Hlrsclifeld  and  C.  L.  Karr.    1918. 
Technical  P.U'Lis  205.  "  Savluu  Coal  In  Boiler  Plants,"  by  Henry  Kreisinger. 


•OhtalnaMf  only  through  thf  Siiporlntondent  of  Documentg,  Ooverment  Printing  Office, 
WaiiliinKton,  D.  C,  at  tbe  price  iudicatrd. 

(2) 


Maximum  Prodncfion 

r^ 

c 

/ 

In' 

i 

vLwimMi 

lUi 

m 

11= 


One  of  the  most  effective  means  of  promoting  fuel  economy  con- 
sists, frequently,  in  the  substitution  of  a  cheaper  for  a  more  expen- 
sive fuel.  This  bulletin  describes  briefly  what  modifications  of 
furnace  design  and  operation  may  be  made  in  order  to  insure  effi- 
ciency in  burning  mixtures  of  antharcite  and  soft  coal  in  furnaces 
designed  for  one  or  the  other  of  these  two  varieties  of  coal. 


BURNING  STEAM  SIZES  OF  ANTHRACITE 
WITH  OR  WITHOUT  ADMIXTURE  OF  SOFT  COAL. 

Based  on  an  article  by  Wilham  P.  Frey,  Fuel  Engineer. 

This  bulletin  describes,  in  the  simplest  terms,  how  to  burn  steam- 
size  anthracite,  or  mixtures  of  this,  with  soft  coal  so  as  to  get  the 
most  steam  from  the  least  fuel. 

While  the  essential  difference  between  the  burning  of  anthracite 
and  the  burning  of  soft  coal  consists,  in  the  case  of  anthracite  in  the 
use  of  a  somewhat  smaHer  vohnne  of  air  per  pound  of  fuel  and  a 
stronger  draft,  slight  alterations  in  the  method  of  firing  and  in  the 
furnace,  designed  for  one  or  the  other  fuel,  are  also  necessary  in  case 
mixtures  of  soft  and  anthracite  coal  are  used. 

Just  what  volume  of  air  and  what  strength  of  draft  must  be  used 
to  burn  any  particular  fuel  in  any  given  furnace  can  only  be  deter- 
mined by  actual  trial  and,  being  once  determined,  must  be  maintained 
as  long  as  the  particular  fuel  is  used. 
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SIZES   OF    ANTHRACITE    USED    FOR    STEAM    GENERATION. 

There  are  four  of  these  sizes,  commonly  kno^^^l  as  ' 'buckwheat" 
and  generally  classified  as  follows: 

Table  1. 


Size  of  coal. 


No.  1  Buckwheat 

No.  2  Buckwheat  (rice). . . 
No.  3  BuckAvheat  (barley) 

No.  4  Buckwheat ." . . 

No.  5  Buckwheat 


Size  of 

round  mesh 

over  which 

screened 


Avera:;e 
heat  values 
per  pound 

o(  coal. 


B. 


t.  u. 
12,250 
12,000 

ii,r,oo 

11,000 
10.000 


The  curves  (fig.  1)  give  the  approximate  British  thermal  units 
per  pound  of  anthracite  of  kno\\'n  ash  content. 

A  mixture  of  these  sizes  known  to  the  trade  as  ''boiler  fuel"  is 
sometimes  used.  No.  3  of  good  quality  can  be  and  is  burned  with 
excellent  efficiency  under  pio])er  hand-fired  conditions.  No.  4  is 
not  so  suitable  for  hand-fired  furnaces. 


FURNACE  EQUIPMENT  REQUIRED  FOR   BURNING  VARIOUS   PERCENTAGES 
*  OF    STEAM    ANTHRACITE   AND   SOFT   COAL. 

1.  Tvjenty  per  cent  anthracite. — With  ordinary  furnace  equipment 
designed  for  soft  coal,  up  to  20  per  cent  "buckwheat"  or  fine  sizes 
of  anthracite  may  ordinarily  be  burned  without  any  change  of  equip- 
ment or  firing  practice.  Owing  to  the  fact  that  most  boiler  furnaces 
are  operated  below  their  normal  capacity  on  soft  coal,  the  above 
percentage  of  anthracite  can  be  added  without  decreasing  the  capac- 
ity of  horsepower  output  of  the  boiler  plant. 

2.  Tyjenty  to  forty  per  cent  anthracite. — If  a  greater  percentage  of 
anthracite  screenings,  20  to  40  per  cent,  say,  is  mixed  with  the  soft 
coal,  it  will  be  necessary,  in  order  to  obtain  full  })()iler  horsepower, 
to  produce  air  pressure  under  the  grate.  One  of  the  simplest  and 
best  methods  of  obtaining  the  necessary  pressure  of  one-half  to  2 
inches  in  the  ash  pit,  is  to  install  a  blower  of  the  tur})ine  type  for 
each  boiler.  Such  a  blower  may  be  installed  very  easily  and  quickly 
since  it  may  be  fitt'^d  into  the  side  wall  of  tlie  ash  nit.  It  should 
not  use  over  3  per  cent  of  the  steam  developed  by  tlie  boiler  when 
operating  at  full  capacity.  Th.;  cost  of  a  steam  turbine  blower  is 
approximately  S200  for  a  boiler  of  I.jO  horsepower  or  more. 

A  steam  jet  blower  may  be  used  instead  of  the  oteam  turbine 
blower  above  mentioned.  This  is  cheaper,  and  the  more  economical 
tvpes  of  steam  jet  blowers  are  quioe  satisfactory  in  producing  the 
<fesired  results.  In  purchasing  a  steam  jet  blower  ib  is  most  impor- 
tant/ to  investigate  its  steam  consumption.  The  best  tyj)e  of  these 
blowers  wiU  o[)erate  on  about  th(^  same  steam  as  that  lecjuired  by  the 
turbine  blower,  whereas  the  poorer  oneii  may  take  from  two  to  five 
times  that  amount  of  steam,  in  which  case  they  should  not  be  in- 
stalled. The  co^,t  of  the  steam  jet  blower  should  be  from  $50  to 
$75  or  more  for  a  single  boiler  of  150  horsepower  and  up.     The  tur- 


bine  blower,  or  the  steam  jet  blower,  should  be  controlled  by  means 
of  an  automatic-draft  regulator  of  the  *'  partial  throw  *'  type,  in 
order  to  obtain  efficient  results,  although  fair  results  are  obtainable 
by  hand  regulation. 
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3.  Over  JfO  per  cent  anthracite. — If  more  than  40  per  cent  of  small 
anthracite  is  used  the  equipment  recommended  is  forced  draft  i)his 
"  buckwheat  '*  grates  and  a  good  automatic-draft  reguhitor. 

The  grates  should  vary  in  the  nuitter  of  diameter  of  air  openings, 
draft  area,  and  total  surface  in  accordance  with  the  specific  fuels 
used  and  their  proportious  in  the  mixture. 

Some  plants  are  able  to  run  efficiently  on  100  per  cent  of  a  good 
(quality  of  fine  anthracite  if  properly  cquii)i)ed  for  this  purpose. 
The  table  given  below  furnishes  additional  data  as  to  mixtures  of 
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various  sizes  of  anthracite  and  soft  coaJ  that  may  ho  burned  under 
dilTerent  conditions  of  draft. 

Table  2. — Proportions  of  soft  and  hard  coed  to  be  used. 
(For  hand  firing.) 


No.  1  Buck. 
No.  2  Buck. 
No.  3  Buck. 
No.  4  Buck. 


Torced  draft . 
iNatural  draft 
'Forced  draft . 
[Natural  draft 
Forced  draft . 
iNatural  draft 
Torced  draft . 
[Natural  draft 


Soft. 


Hard. 


cent. 

Per  cent. 

30 

70 

40 

6a 

40 

60 

50 

50 

60 

50 

65 

35 

a5 

35- 

80 

20 

MIXING    SOFT    WITH    ANTHRACITE    COAL. 

Proper  mixing  is  most  essential.  It  can  be  done  either  by  dehver- 
ins  in  a  wheelbarrow  alternate  and  predetermined  portions  of  the 
Uvo  kinds  of  coal,  and  then  mixing  by  net  less  than  two  ''turnovers" 
with  a  shovel  before  dumping  in  front  of  the  furnace,  or,  on  a  larger 
scale,  by  a  similar  deUvery  of  car-load  lots  to  the  coal  tipple. 

GRATES. 

Grates  for  the  fine  sizes  of  anthracite  have  srnall  air  openings 
which  vary  in  form  from  round  holes,  as  in  the  pin-hole  grates,  to 
elliptical  holes  and  straight  slots,  the  width  of  slot  or  the  diameter 
of  the  hole  varv'ing  from  J  of  an  inch  up  to  A  inch.  The  percentage 
of  draft  area  through  the  grate  would  vary  from  3  to  30  per  cent. 

StationarA',  shaking,  or  dumpi)ig  types  of  grates  for  burning  the 
fine  sizes  of  anthracite  may  b(^  o])tained.  Tlie  dumping  and  shak- 
ing types  facilitate  tho  ck^aning  of  fire  with  less  drop  in  steam  pres- 
sure,* wliich  is  an  important  feature.  A  large  ash  pit  is  advisable 
so  that  fires  may  be  cleaned  by  dumynng  or  shaking  grates,  with- 
out the  necessitv  of  opening  the  ash-})it  doors  more  than  once  in 
24  hours.  The  ash-pit  doors  with  forced  draft  are,  of  course,  sealed 
to  make  them  air-tight,  and  therefore,  the  less  often  they  have  to 
be  opened  the  better.  Or  still  better,  separate  the  undergrate  air 
chamber  from  the  ash  pit  and  install  a  dead  plate  in  front  of  gi-ates 
to  dump  ashes. 

Owing  to  the  slower  rate  of  combustion,  the  grate  area  for  small 
sized  anthracite  is  made  larger  than  for  bituminous  coal  in  order  to 
develop  tlie  same  horsepower,  except  in  cases  where  the  soft-eon  I 
boiler  already  has  an  unnecessarily  large  grate,  which  is  ordinarily 
the  case,  'flic  relation  of  the  grate  area  to  the  heating  surface  is- 
also  of  importance.     'Hiis  relation  is  shown  in  Table  3. 

Table  3.— TZ/c  relation  of  (/rate  area  to  heating  surface. 


For  No.  1  buckwheat,  1  U)  40. 
P'or  No.  2  buckwheat,  1  to  35. 


For  No.  3  buckwhoat,  1  to  30. 
For  No.  4  buckwheat,  1  to  25. 


The  fuel  bed  should  not  be  less  than  6  feet  from  any  point  of  the 
boiler-heating  surface. 


There  should  be  from  2.5  to  3  cubic  feet  of  combustion  space  to 
1  square  foot  of  grate  area. 

Another  detail  of  furnace  construction  which  is  important  is  that 
of  the  division  of  the  heating  surface  into  the  so-called  passes. 

As  the  furnace  gases  in  passing  from  the  fuel  bed  to  the  stack  are 
continuously  cooling,  their  volume  is  consequently  decreasing  con- 
tinuously so  that  the  area  of  the  passes  should  be  duninished  m  the 
same  proportion  to  cause  a  uniform  flow.  The  relation  between 
the  area  of  the  various  passes  should  be  so  as  to  include  total  boiler- 
heating  surface  about  as  follows:  P'irst  pass,  about  43  per  cent  of 
total  heating  surface;  second  pass,  about  32  per  cent  of  total  heat- 
ing surface;  third  pass,  about  25  per  cent  of  total  heating  surface. 

As  the  width  of  the  gas  passage  is  uniform,  the  necessary  reduc- 
tion in  the  volume  of  the  passes  is  made  by  reducing  the  thickness 
of  the  gas  stream  about  as  follows:  In  fii'st  pass,  from  100  to  68; 
in  second  pass,  from  68  to  52;  in  third  pass,  from  52  to  50. 

FIRING. 

Anthracite  coal  must  be  fired  evenly  in  small  quantities,  and  at 
frequent  intervals,  the  intervals  of  cleaning  depending  upon  the 
nature  of  the  coal,  rate  of  combustion,  and  the  skill  in  spreading 
thinly  and  evenly. 

The  leveling  bar  must  be  used  sparingly,  and  only  for  the  purpose 
of  keeping  the  fuel  bed  level  and  to  keep  the  thin  spots  covered  up. 

As  a  rule  it  is  bad  practice  to  let  a  fuel  bed  of  No.  1  '^buckwheat" 
grow  tliicker  than  8  inches  and  No.  2  ''buckwheat"  should  not  go 
over  10  inches,  preferably  not  over  6  or  8  inches,  respectively. 

"Where  an  automatic  damper  regulator  is  installed,  it  is  important 
that  coal  be  supplied  to  the  fire  in  proportion  to  the  air  supply ;  that 
is  to  say,  as  the  blower  speeds  up  the  firing  should  also  be  speeded 
up  and  as  the  blower  slows  down  tne  rate  of  firing  should  be  decreased. 

EFFICIENCY — THE    MEANS   OF    PROMOTING    IT. 

With  a  good  grade  of  steam  anthracite,  it  is  possible  to  obtain 
almost  as  high  an  efficiency  as  with  bituminous,  provided  the  equip- 
ment and  operation  of  the  plant  are  suitable,  and  very  frequently, 
moreover,  large  sa^^ngs  in  Qost  of  fuel  to  generate  steam  are  effected 
by  substituting  steam  sizes  of  anthracite  for  the  more  expensive 
bituminous  coal.  The  best  results  can  not  be  obtained  unless  the 
changes  indicated  are  made  so  that  the  furnace  becomes  efficient 
for  the  anthracite.  It  is  extremely  important  in  burning  the  steam 
sizes  of  anthracite  to  provide  against  a  large  excess  of  air  to  the  fire. 
The  ideal  way  to  burn  this  fuel  is  to  use  undergrate  draft  and  to 
throttle  the  uptake  damper  to  a  point  where  the  volume  of  air 
will  be  reduced  to  a  minimum  for  proper  combustion.  The  neces- 
sary pressure  for  penetrating  the  bed  oi  fuel  is  supplied  by  means  of 
the  blower,  and  the  volume  is  regulated  by  means  of  the  up-take 
damper.  With  this  equipment  an  automatic  regulator  should  be 
connected  for  the  purpose  of  controlling  the  draft  in  accordance 
with  steam  requirements,  all  of  which  is  ordinary  standard  equip- 
ment which  may  be  obtained  for  the  purpose. 
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It  must  be  emphasizoci  that  the  jrrcatest  loss  in  bumin<T:  the  fine 
anthracite  is  on  account  of  too  much  air  for  the  fire,  and  the  prin- 
cipal way  to  keep  tliis  air  down  to  a  proper  mininmm  is  by  using  the 
uivtake  damper,  tlirottled  as  much  as  possible  so  as  to  produce  the 
hio;hest  Co.  without  the  formation  of  unburned  gases.  Loss  from 
tins  source  is  much  less  probable  than  in  the  case  of  soft  coal,  with 
its  high  volatile  content  so  that  wdth  good  installations,  the  COj 
may  be  run  at  15  or  16  percent,  under  correct  supervision  and  regula- 
tion. Tliis  percentage  of  carbon  dioxide  indicates  that  practically 
no  more  saving  can  be  made  by  closing  the  damp>er  still  further. 

The  boiler  setting,  of  course,  should  be  made  tight  and  kept  tight. 
The  draft  or  "suction"  over  the  fire  should  be  kept  as  low  as  pos- 
sible; under  ordinary'  conditions  this  should  run  between  0.10  and 
0.25  of  an  inch,  water  gauge. 

SUMIMARY. 

A  boiler  plant,  designed  for  soft  coal  and  operating  on  natural 
draft  is  capable  of  using  20  per  cent  of  steam  sizes  of  anthracite 
mixed  with  soft  coal  without  material  loss  in  efficiency,  and  without 
change  of  ecjuipment,  provided,  sufficient  grate  surface  is  available, 
and  this  is  usually  the  case.  Still  higher  percentages  of  fine  anthra- 
cite mav  be  mixed  with  the  bituminous,  provided,  certain  changes 
are  macfe  in  the  furnace  equipment. 

Between  20  and  40  per  cent  of  small-size  anthracite  may  be  burned 
with  bituminous,  by  installing  a  blower  in  order  to  create  the  neces- 
sary' draft  pressure  in  the  ash  pit  to  penetrate  the  bed  of  fuel. 

Wlien  over  40  per  cent  of  fine  anthracite  is  burned,  it  becomes 
necessary  or  advisable  to  change  to  grates  of  smaller  air  openings, 
and  also  having  smaller  percentag'^^  of  draft  area  and  usually  of  larger 
total  area. 

With  a  given  draft  pressure  or  height  of  stack  less  horse  power  will 
be  developed  from  a  boiler  which  sabs titutes  100  per  cent  anthracite 
for  bitummous,  unless  a  blower  is  installed  and  the  grates  changed 
to  suit  the  new  conditions. 

The  steam  sizes  of  anthracite  bum  more  slowly  than  bituminous 
owing  partly  to  the  greater  resistance  to  the  passage  of  air  through 
the  finer  fuel  and  partly  to  the  very  low  content  of  volatile  matter  m 
the  anthracite;  consecjuently,  in  order  to  get  the  same  horsepower 
out  of  the  boiler,  means  must  be  provided  to  burn  the  anthracite  at 
a  sufficient  rate  so  as  to  develop  the  same  amount  of  heat  as  before 
with  the  bituminous.  Owing  to  this  slower  rate  of  combustion  of 
small  anthracite  coal,  it  is  necessary  to  use  a  larger  grate  surface  than 
with  bituminous  if  the  boilers  are  to  be  run  at  maximum  rating, 
even  when  forced  draft  is  applied. 

The  time  has  passed  forever  when  efficiency  in  the  use  of  fuel  can 
be  regarded  as  a  matU'V  of  choice.  You  must  either  save  more  fuel 
which  you  can  do  easily,  or  you  must  continue  to  lose  more  rnoney 
which  you  will  do  inevitably  and  needlessly.  You  can  not  pick  or 
choose  between  these  alternatives;  you  must  take  one  or  the  other 
of  these  ways,  for  there  is  no  middle  course. 


Ad'Iitional  coptefl  of  thb  pobllcatlon  may  be  procurod  from  the  Superintendent  of  Document«,  Govern- 
rocnt  Printing  OflTioe,  Waahington,  D.  C,  at  6  ccmts  per  copy. 


